ABSTRACT
INTRODUCTION
Spectrum sensing can be said to be the process of performing measurement on a part of a spectrum and thereby forming a decision based upon measured data [1] . Spectrum sensing is an essential operational block of the cognitive radio which consists of spectrum sensing, management and spectrum mobility. Measurement of spectrum has shown unused spectrum resources in frequency, time and space [2] . The frequency bands of the wireless communication are currently not efficiently used. This is due to the strict frequency allocation policy. The issue of spectrum utilization brought about the cognitive radio concept. This concept has proven itself as a promising technique to improve spectrum utilization by exploiting the spectrum holes. However, the introduction of cognitive Radio in an existing network increases interference. Hence the impact on the primary network must be kept as low as possible. Therefore the secondary users must sense the spectrum and detect whether the primary user is occupied. For this to be achieved, the secondary users should be able to detect very weak primary user signals [4] .
A notice of proposed the rulemaking (NPRM) issued by the U.S. federal communication commission (FCC) in 2004 indicated that the unutilized TV Channels in both very high frequency (VHF) and ultra high frequency (UHF) bands could be used for fixed broadband access [5] . This factor increased the interest within the research community to develop a standard for wireless regional area network (WRAN) system operating on a TV white space making use of cognitive Radio techniques [6] . According to the IEEE 802.22 standard a secondary user should be able to detect a primary user of DVB-T signal with the probability of detection of at least 0.9 and the probability of false alarm of not more than 0.1, at -22.2dB SNR [7] [8] . The cognitive functionality of this standard is channel sensing, channel classification and maintenance of channel information. A description of all the functionalities of an 802.22 WRAN is given in [7] .
In this research, we evaluated various detection algorithms for detecting primary DVB-T signals in different scenarios. We considered a number of feature detectors and compared them with energy detectors.
The rest of this paper is organized as follows, section II, show characteristics of DVB-T signals, section III, problem formulation and section IV shows the various detection algorithms, section V shows the simulation results and finally section VI concludes this paper.
CHARACTERISTICS OF DVB-T SIGNALS
From the draft of the European Telecommunication Standard Institute (ETSI), the characteristics of the physical layer were discussed in detailed [9] . But in the scope of this work, we are going to summarize our main area of interest which is the channel coding and modulation. The system input stream which is organized in fixed length packets of the digitized multiplexed MPEG-2 signal that carries the payload data is divided in lengths of 188bytes [9] . The major modulation constellation used are QPSK, 16 QAM, 64 QAM, non-uniform 16 QAM, or non-uniform 64 QAM. Details can be found in section 4.3.5 in [9] . The modulated signals are determined by three main parameters which include; bandwidth, mode and length of the cyclic prefix. The bandwidth usually takes one of the following values 5MHz, 6MHz, 7MHz or 8MHz. The number of subcarriers that are used in the OFDM modulation are determined by the mode parameters which can take values of 2k or 8k mode which is 2048 or 8192 respectively. The cyclic prefix is used in order to avoid inter symbol interference (ISI) in wireless transmission. The length of the cyclic prefix is determined in terms of fractions of the duration of OFDM symbol part and assigns the values 1/4, 1/8, 1/16 and 1/32. A sequence of 68 consecutive OFDM symbols constitutes a frame and four of such frames are gathered to form a super frame. The continuous DVB-T signal in time domain can be defined as:
(1)
SYSTEM MODEL
It is assumed that the DVB-T Signal mode is known; hence the parameter of the DVB-T signal that we want to detect is known. Let x (t) be the received continuous baseband signal, then the time received sequence becomes:
where M is the total number of samples. The difficulty of spectrum sensing is to decide whether there is transmitted signal or not. Hence we have to be able to discriminate between the following hypotheses:
The H 0 and H 1 correspond to either the absence or presence of DVB-T signal. The sequence s[k] is the sampled version of the signal s(t) defined in equation (1). Where and sampling rate is The amplification factor hi and the delays ki describe the multipath fading environment. The model assumes that the signal propagates through multipath fading environment. The noise is assumed to be complex white zero-mean Gaussian with variance
The decision on the presence or absence of DVB-T signal is based on a test statistics which is a result of the received sequence
In order to decide upon a hypothesis we compare to a threshold and decide whether the signal is present. The probability of false alarm (Pfa) and the probability of detection are defined as:-and These are the two main detector performance indicators. The test statistic can be chosen in different ways in the rest of the paper we would show some of the choices.
SPECTRUM SENSING ALGORITHMS
This section presents the various algorithms that were considered for the detection of the DVB-T signals.
Energy Detection
Energy detection is an optimal way to detect primary signals when prior information of the primary signal is unknown to the secondary user. It measures the energy of the received signal waveform over a specified observation time [10] [11] and compares it to a predefined threshold. The test statistic for energy detector is:
The performance of the energy detector is well known and can be written in closed form. The probability of false alarm P FA is then given as (4) Where is the cumulative distribution function of a x 2 -distributed random variable with 2M degrees of freedom. Therefore, given a false alarm. Then we can derive the threshold from the following equation :-
The probability of detection is then defined as:-
where the average is received signal power. From equation 5 it shows that the energy detector requires the noise power to be known, else the detector would perform poorly. However, it is a known fact that the energy detector deteriorates when noise power estimate is imperfect [12] .
FEATURE DETECTORS BASED ON SECOND ORDER STATISTICS
The term feature detector is mainly used in the context of spectrum sensing and usually refers to the exploitation of known statistical properties of the signal [13] . The features of the transmit signals are results of the redundancy added by coding of the modulation and formatting schemes used at the transmitter end. For example OFDM modulation adds a cyclic prefix that manifest itself through a linear relationship between the transmitted samples. It is also known that most communication system multiplex known pilot symbol into transmitted data stream or better still superimpose pilot symbol on the transmitted signals and by so doing it results into very destructive signal feature.
In this section we would show the simulation results of some state of the art detectors that exploit signal features suitable for spectrum sensing application in cognitive radio. The methods proposed here are recent advances in spectrum sensing and there are still ongoing researches in this area.
A. Autocorrelation Based Detection
The autocorrelation detector is a simple and computationally efficient spectrum sensing scheme for OFDM based primary user signal using its autocorrelation coefficient. OFDM signals have a very explicit correlation structure imposed by the insertion of a cyclic prefix (CP) at the transmitter [14] . This method exploits the correlation of an OFDM signal using knowledge of the Td. The method proposed in [14] , uses the empirical mean of the sample value product r[k], normalized by the received power as test statistic. The theoretical approximation of the values of the threshold and probability of detection are given in equation 20-21 [14] . The noise variance does not need to be known to make a decision. The test statistics is defined in [14] is given as- (7) 
B. Detection Based on Cyclic Prefix Sliding Window Correlation
To protect the DVB-T signal against ISI, a CP which copies the last part of the symbol is added at the beginning of each OFDM symbol. The duration of the CP could be 1/4, 1/8, 1/16 or 1/32 of the original symbol duration. The detector of [15] uses a sliding window that sums T c which is the consecutive samples. The approach of taking the sum of the real part was proposed in [16] the test statistics is given as;-(8)
C. Detection based on second order statistics
The repetition of data in the CP causes a structure to an OFDM signal. This structure can be exploited for detection. The detector proposed in [13] is assumed to know the size of the OFDM symbol that is T c and T d and exploits the structure obtained by the CP, where Sθ indicates the T c consecutive correlated samples. Detailed equation is given in [13] . Contrary to the Energy detector, this does not require any prior knowledge of the noise power. The test statistic for this proposed detector is given as:- (9) 
SIMULATIONS AND RESULTS
In this section, we present the simulated results of the spectrum sensing algorithms described in previous sections showing their comparisons. Five scenarios were considered, the DVB-T signal model is the same for all scenario. The following setting was used for all scenarios:
• DVB-T signal model: 2k 
Scenario 1
In this scenario AWGN channel was considered with the sensing time of 10ms and Pfa of 0.05 using 1000 simulations. The results are shown in figure 1 Fig.1 . Probability of detection for AWGN channel sensing time 10ms
Scenario 2
In this scenario the AWGN channel was considered using the sensing of 50ms and Pfa of 0.05 using 1000 simulation 
Scenario 3
In this case a Rayleigh flat fading channel was considered using the built in Matlab fading generators with a sensing time of 10ms and Pfa of 0.05 using 1000 simulation result are shown in figure 3 Fig .3 . Probability of detection for Rayleigh flat fading 10ms sensing time
Scenario 4
In this case a Rayleigh flat fading channel was considered using the built in Matlab fading generators with a sensing time of 50ms Pfa of 0.05 using 1000 simulation result are shown in figure 4 .
Fig.4. Probability of detection for Rayleigh flat fading 50ms sensing time

Scenario 5
In this section a Rayleigh flat fading channel with shadowing was considered with 10ms sensing time. The standard deviation of the log -normal shadowing is 10dB. The results are shown in figure 5 Fig In this scenario the Rayleigh multipath fading channel was considered using the extended vehicular model using the sensing 10ms. The simulated channel model was done by the built in functions in MATLAB for Rayleigh fading environment.
The presented algorithms do not rely on any information about the structure of the waveform; the only assumption is the knowledge of the CP and the total duration of OFDM symbol of the feature detectors while the energy detector does not require prior knowledge of the signal. Though the energy detector tends to show better performance among the others, its major drawback is that it assumes perfect knowledge of the noise floor level. Therefore, if the noise power is known the energy detector works excellently well. The performance of the energy detector is drastically affected id the noise power knowledge is erroneous. In practical scenario the noise power is never perfectly known hence estimated. Also if there is interference i.e. a signal from another secondary user, the feature detectors would be able to distinguish between the primary signal and the interfering signal whereas the energy detector would not be able to make the detection. In the case were the knowledge of the noise power is completely unknown only the second order statistics and the autocorrelation detectors would be able to work effectively. From observation of the graphs it can be seen that the second order statistics out performs the autocorrelation based detector in all scenario in the region of P d ≥ 0.15.
When we observe the result of the Rayleigh multipath fading channel, we can see that the channel does not much influence on the performance of the presented detectors because a frequency selective channel, exploits the inherent correlation of the OFDM signal obtained by repetition of data caused by the cyclic prefix is then exploited for detection.
CONCLUSION
In this paper we considered various sensing algorithms which uses the second order statistics for the detection of the DVB-T signal and compared the result to the energy detector. The second order based statistics method performed well with less information and they would make good candidates for implementation in cognitive Radio spectrum sensor. In this work we did not consider the carrier frequency offset (CF0) because such imperfect knowledge would decrease the correlation structure of the OFDM signal. In future we would make comparison of spectrum sensing algorithms under such conditions. 
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